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Abstract
Pre-operative planning is very important in the process of a Total Hip Arthroplasty (THA) because it is a method for determining 
the size and optimal implant position. Currently, a manual implant size identification technique of trial and error is used to
determine the appropriate implant size for patients. This step is used repeatedly until the appropriate implant for the patient is 
found and the survey found that this procedure requires a long time, and is said to be less efficient. Automated implant size
detection techniques should be developed in order for pre-operative planning to be implemented effectively. In this research, a 
new algorithm for CPT implant size detection has been developed for the THA pre-operative planning procedure. 
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1. Introduction
Preoperative planning is essential in total hip arthroplasty (THA) as it determines the size and position of the 
optimal implant before surgery.  The accuracy of the results of the preoperative planning enables surgical 
procedures to improve, saves time, and minimizes damage to the implant after surgery. Conventional identification 
methods are still used to find a suitable implant size for the patient [1-4].Those researchers found doctors are using a 
trial and error method in their studies to find the suitable implant for patient. This method involves using the implant 
templates supplied by the supplier and then measuring the templates of the implant by doing image mapping on the 
patient’s general X-ray (film). This step is done repeatedly until the appropriate implant for the patient is found. 
However, this procedure takes a long time and is said to be less efficient. The manual procedure requires a long time 
to determine the size of the patient’s implant because the method used is repeated several times. This conventional 
approach also demands the time and labor of highly trained orthopaedic surgeons and can lead to high levels of intra 
and interobserver variability. Therefore, a digital method should be developed so that the implant size identification 
process can be effectively implemented. Although the digital trial and error method is much faster than manual 
methods or conventional methods, it would be better and faster if the implant size could be determined 
automatically. With classical tracing paper now obsolete, a new technique should be developed to undertake the 
templating procedure with digital implants and X-ray [5].
2. Introduction
Every joint disease, whether inflammatory or trauma, will cause erosion of cartilage and joint damage if the 
disease process is allowed to continue. When this happens, a patient may complain of pain, swelling, deformity, and 
instability of the joints involved.  There are several methods of treatment for damaged joints.  The first step is to 
attempt conservative treatment. If this fails then the next method of treatment is surgery. The most effective surgical 
method is total hip arthroplasty (THA). This surgery involves an artificial joint that replaces the original which has 
been damaged. 
The main focus in the research is to produce an algorithm that can automatically recognize a CPT stem implant
size in THA. Among the main activities in this research is to undertake a study for the development of techniques 
through the analysis of algorithms developed by other researchers. As there are various types of medical images 
such as bones, organs, brain, tissues, and others, the scope of this research has been limited only to the images of 
bones, also known as orthopaedic images. An example of an orthopaedic image can be seen in Fig 1.
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Fig. 1. Orthopaedic X-ray image
In general, the field of orthopaedics is divided into several specific areas, such as shoulder and elbow surgery, 
paediatric orthopaedics, total knee arthroplasty (TKA) and total hip arthroplasty (THA) [6]. THA procedures has 
been selected for this research. The study involved only patients with normal hips. THA was discovered by Sir John 
Charnley in 1961.  He was a prominent orthopaedic surgeon who served at the Joint Diseases Hospital Wrighton in 
Wigan, England.  He had been experimenting with various types of joint surfaces when he eventually created 
Charnley hip or low friction arthroplasty.  Artificial joints are used to replace a damaged hip joint.  It consists of a 
femoral stem made of stainless steel and the joint is made of high density polyethylene.  After nearly 40 years, the 
same material is still used for latest artificial joints with reforms in terms of design [6]. Fig 2 shows the CPT stem 
implant used in total hip arthroplasty surgery.
Fig. 2. CPT stem implant for THA
Prior to surgery, the template preparation process is very important because it is a screening process in which an 
orthopaedic specialist can determine the optimal implant size before surgery. The orthopaedic specialist will do the 
758   Azrulhizam Shapii et al. /  Procedia Technology  11 ( 2013 )  755 – 763 
adjustment process of the implant templates first before bringing the results into the operating room. In the operating 
room, the orthopaedic specialist will make the final selection of the appropriate implant size. The use of implants in 
the templating process on the X-ray image of a patient before surgery can provide important information to the 
orthopaedic specialist in determining the size of the implant to be used [7]. By using the manual method, any error 
in template transformation such as rotating and scaling while recording the patient's hip bone radiographs prior to
the surgery will lead to errors in determining the size of implant templates. As a result the templating process should 
be done cautiously. Fig 3  shows the process of manual implant templating for CPT stem [8].
Fig. 3. Manual CPT stem templating
3. Material and Methods
The main goal of this research is to develop an algorithm for implant size detection of the THA. The first 
objective is to design a technique and algorithm for the detection of the size of the implant.  The second objective is 
to implement the algorithm produced by developing a system to meet the first objective requirement. Finally, the 
third objective is to carry out testing and a comparison of the effectiveness of the algorithm produced. Fig 4 shows 
the approach to be used in this research.
Fig. 4. Research approach
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3.1. Implant template
To obtain detailed information about total hip arthroplasty (THA) and how experts carry out the orthopaedic 
implant recognition or detection process, interviews with a few orthopaedic specialists were carried out. Those 
interviewed were experts from the Department of Orthopaedics and Traumalogy, Medical Center of Universiti 
Kebangsaan, Malaysia (PPUKM).  As a result of the interviews with PPUKM, two important data used in the 
development of CPT implant detection algorithms have been successfully collected.  The two important data are the 
implant template that is used manually during pre-operative planning and the patient’s digital X-ray radiograph 
images.  Fig 5 shows the manual CPT stem implant template used by surgeons in THR procedure. Table 1 shows the 
information of the CPT stem implants produced by Zimmer.
Table 1. Details of CPT stem implant (Zimmer)
No Product No. Size Stem Width (mm) Stem Length (mm)
1 97-8114-000-00 0-STD 9.0 105
2 97-8114-001-00 1-STD 10.5 130
3 97-8114-002-00 2-STD 13.0 130
4 97-8114-003-00 3-STD 15.5 130
5 97-8114-004-00 4-STD 17.5 130
6 97-8114-005-00 5-STD 20.0 130
Fig. 5. CPT stem template
3.2. CPT Stem Implant Detection Algorithm
The process of designing and producing new algorithm for CPT implant detection is taking into consideration the 
methods of improvement which will be implemented on the latest techniques or algorithms. Through literature 
studies, most of the implant detection techniques used the trial and error method. This means that surgeons need to 
try several sizes to get the optimum implant. One of the potential new methods to be produced is the automated 
detection method. 
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The new CPT implant detection algorithm developed is based on conventional and computerized techniques in 
which the implant template will be matched with X-ray images [9-15]. A trial and error method will be repeated 
several times until the appropriate size is found.  The proposed new algorithm has the ability to detect the size of the 
implant automatically.  By using the concept of distance between two points, hip implants will be selected based on 
the femur size.  Fig 6 shows the proposed algorithm for the CPT stem implant detection algorithm.
Fig. 6. CPT stem implant size detection algorithm
In the algorithm shown in Fig 6, the user must choose the first and the second points on the femur bone. The 
distance between the two points will be calculated and the size of the CPT implant will be determined by the femur 
size. The sizing method involves six conditions (Fig 6). For example, in Fig 7, the distance between the two points 
chosen  (point A and point B) on the femur bone is 13.55 mm, and therefore the size that will be taken is size 2.
Fig. 7. Position of point A and point B
4. Results and discussion
Based on the algorithm in Fig 6, the first thing the user needs to do is choose two points on the patient’s femur 
bone. Fig 8 shows how to choose the points.
Point A
Point B
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Fig. 8. Distance between two points
The distance between the two points on the line will be calculated to determine the size of the stem implant. In 
Fig 8, the distance drawn on the femur was 13.55 mm, so the value to be taken is 13 mm. A CPT stem implant with 
size 2 will be displayed automatically on the X-ray image (see Fig 9 and Fig 10).
Fig. 9. Stem implant displayed on the X-ray
Point B
Point A
Distance 
between two 
points
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Fig. 10. Patient and implant information
5. Conclusion
Pre-operative planning procedures play an important role in determining the size of the implant to be used in total
hip arthroplasty surgery (THA). In this research, a new implant detection algorithm has been developed to do an 
automated templating process using digital CPT implants and digital X-ray images. The new algorithm provides a 
simple solution to overcoming the problems faced by orthopaedic specialists when using conventional methods 
during the implant templating process for THA. This algorithm allows the orthopaedic specialist to choose the CPT 
digital implant automatically in pre-operative planning. One of the advantages of using the digital automated 
algorithm in pre-operative planning is that an X-ray image (film) is no longer required and this can reduce the risk of 
losing a patient’s  X-ray images [5]. In addition, by using the new implant size detection algorithm, orthopedic 
specialists can make an accurate and quick decision during the selection of the CPT implant size for patients.
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